Sarcocystosis is a silent, parasitic disease which affects various animal species and causes signifi cant economic losses. It is caused by a number of different intracellular Sarcocystis spp. This study was aimed to detect the host humoral and cellular immune response due to natural infection. Adding to the determination of the infection rate in Monufi a Governorate, Egypt. A total number of 127 Egyptian buffaloes (Bubalus bubalis); 30 males and 97 females between 2-11 years of age were examined during 2018. An infection rate of 74% (94/127) was detected by macroscopic examination. The old age females were found to be at a high risk of 90.7% (88/97) in comparison with the young males 20% (6/30). Immunologically, the cellular and humoral immune response was determined using ELISA. A marked down-regulation of the proinfl ammatory Th-1 cytokine (IFN-γ) and up-regulation of the anti-infl ammatory Th-2 cytokine (IL-5) adding to a high level of IgG and IgE were detected in the infected animals compared to the non infected ones. The local cellular immune response in the infected tissues was characterized by an accumulation of mixed infl ammatory cells, granuloma formation, eosinophilic infi ltration, muscular edema, and necrotic degeneration. In conclusion, the Sarcocystis infection rate in the naturally infected buffaloes in Monufi a Governorate was high. This is the fi rst study to provide a fundamental insight into the immune profi le in buffaloes infected with Sarcocystis spp. So, it will provide valuable insights to develop novel effective vaccines in future studies. Moreover, sensitive and specifi c tools should be established for the accurate diagnosis of this disease in the different Egyptian governorates through well-structured serological surveys.
INTRODUCTION
Sarcocystosis is a common parasitic disease caused by an intracellular coccidian parasite belonging to the phylum Apicomplexa with two obligate hosts; a carnivorous defi nitive host and an omnivorous or herbivorous intermediate hosts including: buffaloes, cattle, sheep, and camels [1] . There are no marked clinical signs for sarcocystosis. However, it may lead to signifi cant economic losses in the form of abortion, reduced milk yield, neurologic signs, and loss of weight. Moreover, down-regulation of the meat quality, decreased wool and fi ber production adding to its zoonotic importance [2, 3] . Sarcocystosis has a worldwide distribution with a high prevalence rate both in rural and developed areas [4] . The morbidity and mortality rates depend on multiple risk factors including; the affected species, the host immune status, viability of the sporocysts in the environment, and the hygiene system on the farm [5, 6] .
In Egypt, high prevalence rate of Sarcocystis spp. infection was recorded among buffaloes with great variations among species and localities [7, 8] . The most common Sarcocystis spp. were S. fusiformis and S. levinei with a high prevalence rate of 78.9 % [9] . In addition, the microscopic zoonotic S. hominis and S. cruzi cysts were also detected in some buffaloes [10] .
Only a few studies have discussed the host's immune response against Sarcocystis spp. From the reported cases, it was obvious that infection elicits a strong eosinophilic and T cell-mediated response [11] . In vivo, experimental infection results suggested that S. neurona and S. calchasi might be able to down-regulate the interferon-γ (IFN-γ) signaling pathway [12, 13] . It was suggested that Sarcocystis spp. may have similar evasion strategies to Toxoplasma gondii, as the well-studied apicomplexan parasite which showed an interference with the IFN-γ signaling pathway [14, 15] . The T helper cell (Th) Th-1/ Th-2 paradigm is important in the pathogenesis of Sarcocystis infection [13] . It was recorded that, different parasitic infections were characterized by the production of IgE antibodies which accompanied with esinophilia. There is a lack in the studies concerning the level of immunoglobulin (Ig) E and IgG in buffaloes infected with Sarcocystis spp. Accordingly, understanding the cellular and humoral immune responses will provide a new insight that will help in the development of immune-modulatory therapeutic approaches and new vaccines against this economically important parasite.
Hence, the aims of the current study were detecting of the infection rate in buffaloes naturally infected with sarcocystosis, investigation of the immune response in the form of histopathological examination, detection of serum cytokines; INF-ɤ and interleukin (IL)-5 representing the pro-infl ammatory Th-1 and the anti-infl ammatory Th-2 responses respectively, and the humoral IgG and IgE responses.
MATERIALS AND METHODS

Ethical approval
All of the experiments were carried out according to the recommendations and guidelines of the ethical committee of the National Research Centre (NRC) number (18/200) .
Study area and samples collection
A total number of 127 Egyptian buffaloes (Bubalus bubalis), thirty males aged between 2-4 years and 97 females aged between 5 and 11 years were examined in Shibin El Kom abattoir, Monufi a Governorate during 2018. Fresh tissue samples (each 30-50 g) were collected from the esophagus and skeletal muscles and examined by the naked eye during the meat inspection process for the detection of macroscopic forms of Sarcocystis spp. The representative serum samples were previously collected. The selected animals were examined for other parasitic infections through fecal examination [16] .
Serum samples from one week old calves on private buffalo farms were tested by enzyme-linked immunosorbent assay (ELISA) and found to be negative for sarcocystosis were used as a negative control in the immune profi le experiments.
Histopathological studies
About 1 cm long pieces of tissues were fi xed in 10% neutralized buffered formalin. Sections of muscle samples were stained by Ehrlich's Hematoxylin and Eosin for the analysis of the local immunological reaction in the infected tissues and for the histological identifi cation of Sarcocystis spp. [17] .
Antigen preparation
Sarcocystis fusiformis bradyzoites antigen was prepared. Briefl y, the macroscopic cysts were collected and washed several times to remove the attached skeletal tissues, followed by maceration of the wall until a cream color suspension was formed. The suspension was homogenized in phosphate buffer saline (PBS) pH 7.2 using a manual homogenizer followed by centrifugation for 10 min at 14000 rpm at 4 °C. The resulting supernatant was collected as aliquots and stored at -20 °C [18] . The total protein content was determined according to the method described by Lowry et al. [19] .
Determination of the total IgG
An indirect ELISA was performed to detect the level of IgG antibodies against Sarcocystis infection in the tested sera according to Morsy et al. [18] . Briefl y, wells in ELISA microtitre plates were coated with the prepared Sarcocystis bradyzoite antigen at a concentration of 10 µg/ml, the serum samples dilution was 1:100 meanwhile the antibovine IgG horseradish peroxidase (Sigma chemical co., USA) was diluted to 1:1000. The optical density was measured by ELISA reader (Bio-Teck, Germany) at 450 nm wavelength. The cut off values were calculated [20] .
Determination of the total IgE
The IgE level in the examined serum samples was determined by a commercial sandwich ELISA kit (Bioneovan Co., China). The concentration of IgE was calculated using a standard curve obtained from the known concentration of the standard IgE included in the kit.
Determination of cytokines (IL-5 and INF-ɤ)
ELISA was performed to determine the levels of serum IL-5 and INF-ɤ cytokines concentrations in the tested samples using the commercially available ELISA kits (Bioneovan Co., China). A standard curve was obtained from a known concentration of the cytokine standard included in each assay according to the manufacturer instructions.
Statistical analysis
The data were analyzed using one-way analysis of variance (ANOVA). Results were expressed as mean ± standard deviation (SD) and values of p˃0.05 were considered statistically insignifi cant, while those of p˂0.05 and p˂0.01 were considered statistically signifi cant and highly signifi cant, respectively. The curves were represented by MEDCALC easy-to-use statistical software.
RESULTS
Infection rate detection and risk factors
The macroscopic examination during regular meat inspection at the abattoir disclosed that 94 out of the 127 examined animals had macroscopic sarcocystosis with an overall 74% infection rate (Table 1) . Regarding the sex as a risk factor, it was found that the percentage of infected males 20% (6/30) was lower than for the infected females 90.7% (88/97) ( Table 1) .
Concerning the age as a risk factor, the obtained results indicated that the percentage of infected animals increased with age. The infection rate was 20% (6/30) in the 2-4 years group, 82.3% (28/34) in the 5-8 years group, and 95.2 % (60/63) in animals over 8 years of age (Table 1) .
Morphological identifi cation of the cysts
The predilection sites of the infection were in the deep muscular layer of the mandibular and esophageal tissues. The cysts were milky white opaque in color with a fusiform shape. Morphologically, the size of the macroscopic cysts ranged from 0.5-3.5 × 0.3-0.8cm. Histophathologically, the size of cyst wall characterized by thick cyst wall 1.5-4 µm, the size of bradyzoites ranged from 8.4 to 15.6 × 2.5 to 5.4 μm. The macrocytic cyst was characterized as S. fusiformis based on the size of cyst, bradyzoites and thickness of the cyst wall ( Fig. 1,2 ).
The local cellular immune response
Histologically, buffalo's esophagus and mandibular tissues infected with S. fusiformis have a cellular immune reaction characterized by an accumulation of mixed infl ammatory cells, eosinophilic infi ltration, muscular edema, and necrotic degeneration, adding to lymphocyte and plasma cells infi ltration ( Fig. 3 ).
Cytokine profi le
In order to determine the cellular immune response due to Sarcocystis spp. infection, the levels of IFN-γ (Th-1) and the IL-5 (Th-2) cytokines were evaluated using ELISA. The obtained results showed a marked down-regulation of IFN-γ and up-regulation of IL-5 levels in the infected animals in comparison with the non infected animals ( Fig. 4 ).
Detection of specifi c IgG and IgE
The total IgG and IgE levels were determined to detect the humoral antibodies responses to sarcocystosis. The IgG level was high in all infected animals in comparison with the non infected ones. The ELISA based IgG level showed an infection rate of 92% ( Fig. 5 ). Infection with S. fusiformis resulted in high level of IgE antibodies when compared with healthy non infected buffaloes (Fig. 6 ). 
DISCUSSION
Sarcocystosis is a common disease of variant animal species that could lead to weight loss, anaemia, and muscle weakness while severe cases could progress into abortion and or death [21] .
The presented results indicated that sarcocystosis was common in water buffaloes (Bublus bubalis) in Monufi a Governorate, Egypt with 74% infection rate. Previous local studies revealed variable infection rate in different Egyptian governorates that varied from 8.3% in the New Valley [7] and 28 % in Sohag [22] . It is suggested that this low infection rate may be attributed to the arid climatic condition in some governorates which is unfavourable for the sporocysts survival. Meanwhile, a high percentage of 69% was detected in Cairo and Giza [8] , 78.9% in Beni-Suef [9] , and 94.4% in Assiut governorates [10] . Globally, a high prevalence rate was recorded in different countries including China (94%) [23] , and Thailand (100%) [24] . But, a lower rate of 65%, 66.4%, and 66.7% was recorded in Philippines [25] , India [26] , and Malaysia [27] respectively. It is worth noting that, number of sporocysts disseminated by the defi nitive host and its ability to survive and counteract the environmental conditions like temperature and humidity are amongst the main determinants of the infection rate [9, 28] .
Regarding the age as a risk factor, the obtained results showed a marked correlation between the age and the infection rate which increased signifi cantly with the age. It was only 20% in the group of 2-4 years. However, the groups of 5-8 years and over than 8 years old was 82.3% and 95.2% respectively. Similar results were recorded in previous study as low infection rate 30.76% was found in animals less than 1 year old and 87.32% was found in 2-6 years old animals [29] . On the other hand, JyothiSree et al. [26] recorded that the infection rate increased with the age with slight variation between the different groups as 65.16% of 1.5-3 years old animals and 68.75% of the 5-8 years old animals were infected. Moreover, 78% infection rate of animals under 2 years old and 88% of animals older than 2 years was detected by Oryan et al. [28] . The correlation between the age and the increased infection rate may be attributed to different factors including; increasing the chance of repeated exposition to infection, which result in cysts accumulation gradually in muscle [30] , the cysts need longer time to appear macroscopically compared to microscopic cysts [9] , close contact with canidae fi nal host [31] . Especially that most of the Egyptian slaughter houses did not have complete securing from entrance of stray dogs which could complete life cycle and encourage spread of infection.
According to the sex of the tested animals, it was found that the infection rate was 90.7% in females versus 20% in males. The low percentage of the infected males may be attributed to the animal management system in Egypt, as most of the males were kept only for fattening system and being slaughtered around 2 years old while females were kept for long times for milk production. A previous study reported that higher incidence of sarcocystosis was found in elderly females [7] . On the other hand, It was recorded that, 60.86 % of male versus 79.03% of female examined animals were infected [29] .
Morphometric features of Sarcocystis cyst wall and the size of the cyst are considered the basic criteria for differentiation between Sarcocystis spp [4, 32] . The obtained cysts were of S.fusiformis and characterised by milky white opaque colour with fusiform shape measured 0.5-3.5 × 0.3-0.8 cm. The cyst wall was smooth, thick and measured about 1.5 -4 µm. The obtained result is supported by observation of El-Dakhly et al. [9] , El-Seifyet al. [33] where they found that S.fusiformis cyst wall measured 1-3 µm and 2.6 -14.5 µm respectively.
Histopathologically, The presented results showed local cellular immune response in buffaloes infected with sarcocystosis that characterized by a granulomatous reaction, muscles oedema, eosinophils, admixed with smaller numbers of lymphocytes infi ltration. There are several reports demonstrated the role of the cellular infl ammatory response in host protection during sarcocystosis infection [34] . The cellular immune response appeared to be induced by eosinophil chemo-attractant secreted from the sarcocysts during their normal metabolic process. These fi ndings provided a presumption that buffaloes infected with sarcocystis were predisposed to produce IgE in response to Sarcocystis bradyzoite antigen, and that eosinophile and infl ammatory cells represented an abnormal response to sarcocyst degeneration, including a host-dependent, Sarcocystic, type-I hypersensitivity [35, 36] .
Little information is known about anti-Sarcocystis response profi le of the host immune system in comparison with the closely related Apicomplexa like T. gondii and Neospora caninum. To further clarify the effect of Sarcocystis spp. on the host immune response, the serum level of INF-ɤ and IL-5 was measured in the naturally infected buffaloes. The presented results revealed suppression in INF-ɤ (Th1) which results in the differentiation of Th precursors into Th2 lymphocytes which secrete the IL-5 in comparison with non infected animals. Similar down-regulation of IFN-γ production was recorded in infection with S. neurona and S.calchasi [12, 13] . The natural killer cells which has a major role in IFN-γ secretion, absence of these cells during hisopathological examination supported the obtained low level of IFN-γ in the tested serum samples. According to previous observations and the results of the presented study, it is plausible to declare that Sarcocystis spp. in general may exhibit an immune evasion strategy that disrupts IFN-γ signalling. This disruption in IFN-γ production may, similar to T. gondii [37] and N. caninum [38] that could aid Sarcocystis spp. to infect host cells and modulated immune response for surviving within the host. It was reported that the IL-5 cytokine stimulates eosinophil degranulation, production of reactive oxygen species, and exerting a chemotactic effect on these cells [39] . Nickdel et al. [40] discussed that T. gondii infection cause's eosinophilia and increased the level of IL-5, with pathological changes in the small intestine, with a simultaneous reduction in IL-12 and IFN-γ. Moreover, a biphasic immune responses were characteristic in eosinophilic muscle invasive Sarcocystis infections with a Th1 response during the initial phase while in muscle stage, the Th2 response was abundant [41] .
The current study indicated that there was a statically signifi cant increase in the IgG level and IgE concentration in the naturally infected buffaloes in comparison with the non infected animals. In primary infection with Apicomplexa, the role of B cells has minor contribution in the protective immunity. However, several studies proved that production of protective, parasite-specifi c immunoglobulins after infection and recovery will be a result of host infection with these parasites [42] . The current results suggested that the presence of both IgE and total IgG responses provide a strong support for their role in the clearance of Sarcocystis infection. High level of IgE will result in Sarcocystis specifi c type-I hypersensitivity which play an important role in pathogenesis of sarcosystosis in buffaloes. The presented result was confi rmed by the increase of IL-5 cytokine which develop B-cell proliferation and antibody production [43, 44] . The obtained results were coincided with the results of Granstrom et al. [36] who proved the presence of S. cruzi -specifi c IgG and IgE in eosinophilic myositis lesions in cattle. The presence of S.fusiform bradyzoite -specifi c IgG in infected buffaloes and elevated IgG values support the a possible role for IgG in the pathogenesis of sarcosystosis. Moreover, O'Donoghue and Weyreter [45] proved that the infection of sheep with Sarcocystis results in elevation of IgG level.
CONCLUSION
The current study represented that sarcocystosis infection rate in Monufi a Governorate was high (74%). The old females were in a high risk comparing to the young males. The immune response of the naturally infected buffaloes showed an increase in the IL-5 (Th2) production and down-regulation in INF-γ (Th1) which facilitates immune evasion strategy adding to the increase in the parasite reactive IgG levels adding to the increase in the IgE level comparing with the non-infected ones. The local cellular immunity of the infected tissues was characterized by eosinophil and lymphocyte infi ltration, muscles edema and degeneration. The present study is the fi rst to provide a fundamental insight into the immune profi le of naturally infected buffaloes with sarcocystosis. Full understanding of this profi le will get a fi rst glance for the development of novel effective vaccines in future studies. Moreover, novel, sensitive, and specifi c tools should be developed for an accurate diagnosis of this disease. 
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